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In order to evaluate the effects of acute glomerulonephritis on the circulation, 6 patients were investigated at rest and during moderate exercise. With the patients in a state of rest the cardiac index and the stroke volume index were significantly higher in acute glomerulonephritis than normal, despite significantly raised right and left atrial pressures. Oxygen consumption was significantly increased (P< O.OI) and the arteriovenous oxygen difference was narrowed significantly (P< O.OOI) in acute glomerulonephritis as compared to normal subjects.
The calculated increase in cardiac output was due to both a rise in oxygen consumption and a narrowing of arteriovenous oxygen difference, the latter being more significant.
The exercise-induced changes in cardiac output in the patients with glomerulonephritis were not different fromn those in normal subjects.
These results showed that the circulatory changes in the oliguric stage of acute glomerulonephritis resemble those in the hyperkinetic states; the raised mean right atrial and pulmonary wedge pressures do not indicate the presence of heartfailure when resting cardiac output is above normal level and response to exercise is normal.
The manifestations of circulatory congestion encountered in the oliguric phase of acute glomerulonephritis are considered bysome authors (Wilson, I967; Gore and Saphir, I948; Master, Jaffe, and Dack, 1937; Whitehill, Longcope, and Williams, 1939) to be an expression of heart failure. On the other hand, Davies (i95i) and Eichna et al. (I954) stressed that the syndrome suggesting heart failure seen in acute glomerulonephritis was an extracardiac circulatory congestion caused by water and salt retention.
Haemodynamic studies in acute glomerulonephritis have revealed that performance ofthe heart as a pump is not impaired. Davies Since it is known that the evaluation of cardiac performance requires exercise data, it was considered that haemodynamic response to exercise in acute glomerulonephritis would provide additional information concerning myocardial function in this particular syndrome. These considerations form the background ofthis haemodynamic study in 6 patients with acute glomerulonephritis.
Subjects and methods
Studies were made of 6 patients with typical clinical and laboratory findings of post-streptococcal acute glomerulonephritis and of 6 normal subjects as controls. Informed consent for the study was obtained from the patients as well as from the control group. The imnportant clinical and laboratory findings in the patients with acute glomerulonephritis are shown in Tables I and 2 . All the patients were male, ranging in age from 14 to 24 years. Patients were studied before the onset of natural diuresis. As a result of diuresis patients lost about 2 to 6 kg in the days after the haemodynamic study. Pyrexia was not present in any of the patients. All cases had palpebral and 3 cases also had pretibial pitting oedema (Cases i, 5, and 6). Six patients had dyspnoea, 4 patients 
Results
The haemodynamic data in normal subjects and in patients with acute glomerulonephritis at rest and during exercise are presented in Tables 3 and 4 , respectively. The stroke volume index was significantly greater than normal (P <0.02), the mean stroke volume index for the acute glomerulonephritis being 66 ml per beat per m2 BSA, as compared to the normal mean of 50 ml per beat per m2 BSA. Stroke volume index increased I4 per cent in normals and I9 per cent in patients during exercise.
The pulmonary wedge pressures were significantly raised in all patients (P <o.ooi), ranging from 13 to i6 mmHg (I.7 to 2. kPa), with a mean of i5 mmHg (2.0 kPa), as compared to the normal mean of 7 mmHg (o.9 kPa). The same significant increase (P <o.ooi) was observed in right atrial pressure in all patients except one (Case 3), ranging from 4 to 8 mmHg (o.5 to 1.i kPa), with a mean of 6 mmHg (o.8 kPa), as compared to the normal subjects. Both pulmonary capillary wedge and right atrial mean pressures were raised during exercise, the increment being 29 per cent and 33 per cent in normal subjects and 20 per cent and I7 per cent in acute glomerulonephritis, respectively.
Significant increase in the pullmonary artery mean pressure was observed in all patients with a mean of 22 mmHg (2.9 kPa), as compared to the normal mean of I7 mmHg (2.7 kPa). In the patients, the brachial arterial mean pressures ranged from 120 tO I40 mmHg (I6.0 to I8.6 kPa), with a mean of 122 mmHg (I6.2 kPa), which is significantly higher than the normal mean of 93 mmHg (12.4 kPa) (P<o.ooi). Both left and right ventricular work indices were significantly higher than normal (P<o.ooi). The calculated total peripheral resistancewas significantlyhigherthan normal (P <o.ooi), and pulmonary arteriolar resistance was lower than normal (P< 0.02). In both groups, pulmonary and brachial arterial pressures, and left and right ventricular work indices increased while total peripheral and pulmonary arteriolar resistance decreased appreciably during exercise. Discussion A particular haemodynamic pattern has been observed in our cases of acute glomerulonephritis: a high cardiac output and stroke volume, a reduced arteriovenous oxygen difference, a normal to high oxygen consumption, raised left and right atrial pressures, a high total peripheral resistance, a normal to low pulmonary arteriolar resistance, and high systemic arterial and pulmonary arterial pressures Right atrial mean pressure and puilmonary wedge mean pressure were raised to a level which was not high enough to produce signs and symptoms of pulmonary congestion and peripheral oedema. But the low serum albumin concentration observed in our 3 cases, together with salt and water. retention, might have contributed to the development of pulmonary congestion and peripheral oedema, in spite of relatively low values for left and right atrial pressures.
Increased ventricular end-diastolic pressures, in the face of the high cardiac output at rest, cannot be regarded as evidence in these patients that they were in heart failure. But, according to Guz et al. (I966) , high cardiac output at rest does not necessarily indicate that the heart is functioning normally and the reserve capacity of the heart should be tested with exercise. When the mean pulmonary wedge pressures were related to stroke volume index it was seen that stroke volume increased more than the pulmonary wedge pressure on exercise as compared to normal subjects. Since in each of our cases the pulmonary wedge pressure was not related to the stroke volume, an increase in the latter could be explained either by an increase in diastolic volume without change in pulmonary wedge pressure or by a more complete emptying of the ventricles because of the increased ventricular contractility. The increase in cardiac size during the oliguric phase and its decrease after natural diuresis or after frusemide injection (Santibenez, Rosendo, and Atherton, I97I) 
